
"•■ r 

AD-763   153 

EFFECT  OF   5.56   MM   PRIMER  COMPONENTS   ON 
BALLISTIC  PERFORMANCE   OF   THE   MI6A1 
RIFLE/AMMUNITION   SYSTEM 

Margaret   E.   Brown 

Frankford  Arsenal 
Philadelphia,   Pennsylvania 

October   1972 

DISTRIBUTED BY: 

im i 

National Tichnicai Information Service 
0. S. DEPARTMENT OF COMMERCE 
5285 Port Royal Road. Springfield Va. 22151 



... 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLYo 



-"■MM* 

' 

00 
in 

REPORT R-2056 

■■■H9MMI ,    . 

{AD 

EFFECT OF 5. 56 MM PRIMER COMPONENTS ON BALLISTIC 
PERFORMANCE OF THE M16A1 RIFLE/AMMUNITION SYSTEM 

by 

MARGARET E,   BROWN 

October   1972 W   jui io> nv 

BEürare i 
Approved for public release; distribution unlimited. 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

Spf.na*.»iti VA 32151 

DEPARTMENT OF THE ARMY 
"FRANKFORD ARSENAL 
Philadelphia, Pa. 49137 

4». 



DISPOSITION INSTRUCTIONS 

Destroy this report when it is no longer required.   Do not 
return it to the originator. 

■ 

mil 
»f>e Mia    n 

i 

v 
ii 

The lindings in this report are not to be construed as an official 
Department of the Army position unless so designated by other author- 
ized documents. 

mmtm 

i. 



UNCLASSIFIED 
»teurity CUniflc»Uoo 

DOCUMENT CONTROL DATA .R&D 
(Sttutltr tlmnlncmllon ol nil», body ol tilntl and IndtMlnä »nnoittlon muH fc» mnfnd »htn iht ootimll npott I» da 

0*ieiM*TiNa ACTIVITY fCMiMfSM auAarj 

Frankford Arsenal 
Philadelphia,   PA    19137 

i. MlHjrf^ 
ia. NIPOKT «ICUMITY   CL»MiriC*TION 

Unclassified 
1».   GROUP 

N/A 
t    DCPOHT   TITLI 

EFFECT OF 5. 56 MM PRIMER COMPONENTS ON BALLISTIC 
PERFORMANCE OF THE M16A1 RIFLE/AMMUNITION SYSTEM 

4   DticniPTivc NOTBt (Typa al rapon and Intlualra datam) 

Technical research report 
t   «uTHOnoi (Firai nmma, mldHa Inlilal. laal nama) 

Margaret E.   Brown 

«    HtPORT   DA TI 

October 1972 
la. CONTHACT on «HANT NO 

AMCMS  Code 4810.16.027.80402 
».   »"ROJtCT WO 

la.    TOTAL   NO    OP »AOII 

jr^g 
7b.   NO   OP  KIP» 

oniciNA^on-i ncPoKT NOKC««'«:«1 

Report R-2056 

OTMKH  PI POP t   HOCt (Any odiat n, 
ihit npott) 

Approved for public release; distribution unlimited 

II.   iPON»OPiNO  MiLl T»Py   ACTIVITY 

MUCOM 

tl    AttTHACT 

As a result of previous testing at Frankford Arsenal,   it was decided to conduct 
more extensive testing of 5. 56 mm primers.    A factorially designed experiment waa 
conducted to determine the effects of these primers on interior ballistics for both 
ball and tracer ammunition.    The primer mixture,   the primer weight,  and the con- 
ditioning temperature of the ammunition were varied to investigate their effects, 
individually and in conjunction with each other,   on the cyclic rate of the M16 rifle, 
on the action time of the ammunition  in the rifle,   and on the velocity of the pro- 
jectile. 

The results of this test show that within the limits tested,   primer components 
did effect ballistic performance,   but to a lesser degree than external factors  such 
as the rifle used .. n»! the conditioning temperature of the ammunition.    In particular, 
the inhi-rent differences in cyclic rate performance of the two rifles used in the 
ball portijn of the test were so great that they masked the effects of primer» on 
cyclic rate. 

- 

< 

DD7rJ473 SS—LSf  »••  ABM» MS. UNCLASSIFIED 
■•Mftiy CUnalllcattMr'' 

I*/ 

■**—> 



I" 

UNCLASSIFIED 
BgHS CU>ilflc»Uoa 

Primer pellet weight 
Primer mixture 
Cyclic rate of Ml6 rifle 
Ignition time 
Multivariant Analysis 

li 

XOL« 

UNCLASSIFIED 
BSBi HBSKSB5 

^ 



REPORT R-2056 

EFFECT OF 5. 56 MM PRIMER COMPONENTS ON BALLISTIC 
PERFORMANCE OF THE M16A1 RIFLE/AMMUNITION SYSTEM 

MARGARET E.   BROWN 

AMCMS Code  4810.16.027.80402 

Approved for public release; distribution unlimited. 

Munition! Development (t Engineering Directorate 
FRANKFORD ARSENAL 
Philadelphia.   PA   19137 

October   1972 

xeS 

mmm 



ABSTRACT 

As a result of previous testing at Frankford Arsenal,  it was 
decided to conduct more extensive testing of 5. 56 mm primers.    A 
factorially designed experiment was conducted to determine the 
effects of these primers on interior ballistics for both ball and tracer 
ammunition.    The primer mixture,  the primer weight,  and the con- 
ditioning temperature of the ammunition were varied to investigate 
their effects,  individually and in conjunction with each other, on the 
cyclic rate of the Ml6 rifle, on the action time of the ammunition in 
the rifle,  and on the velocity of the projectile. 

The results of this test show that within the limits tested, primer 
components did effect ballistic performance,   but to a lesser degree 
than external factors such as the rifle used and the conditioning 
temperature of the ammunition.    In particular,  the inherent differ- 
ences in cyclic rate performance of the two rifles used in the ball 
portion of the test were so great that they masked the effects of 
primers on cyclic rate. 
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INTRODUCTION 

A previous study of the interaction of 5. 56 mm components 
showed that primers have a statistically significant effect on the 
cyclic rate of the MI6 rifle.    The same study also suggested an 
interdependence of cycl'f rate of the rifle,   velocity of the an.munition 
fired in the rifle,   and action time of the ammunition. 

Possible optimization of the primer for 5. 56 mm ammunition 
dictated further investigation of the effects of primers on the bal- 
listics of ammunition and on the rate of fire of the rifle.    Of primary 
concern in this investigation are the effects of primer mixture,  pri- 
mer pellet weight,   conditioning temperature of ammunition,  and any 
interaction among these three factors on the following parameters: 

1. Cyclic rate of the rifle, 

2. Action time of ammunition in gun , 

3. Velocity of ammunition fired from rifle. 

TEST   PLAN 

Factorial investigation of primer function in 5. 56 mm ammunition 
divides itself naturally into two parts:   (1)   M193 ball cartridges with 
WC846 ball propellant;    (2)   MI96 tracer cartridges with IMR8208M 
extruded propellant.     Each part of the study involves the same three 
primer mixes,   two primer pellet weights,  and three conditioning 
temperatures in all possible combinations. 

The six possible   :ombinations of primer mixtures and pellet 
weights are identified as S,  SS,  IC,  ICC,   IID,   and HDD.    Primers 
with combinations designated as IC,   ICC,   IID,  and HDD are from 
primer lots used in an interface study ^   between primers and 
propellants.    S and SS are composed of standard FA 141 mix. 

^M.E.   Brown,     Interaction Study of 5. 56 mm Components, " 
unpublished Frankford Arsenal   report. 

^W.H. Squire and M. P. Devine, "The Interface between Primer and 
Propellant, Parts I and II, ' American Ordnance Association Paper, 
presented at Frankford Arsenal,   4-5 June  1969. 
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The single letters (S,  C, D) indicate standard pellet weight and the 
double letters (SS,  CC, DD) signify reduced pellet weight.    Th«- 
standard pellet weight £or prim«'rs in .410 - .430 grainH; th«- r<'duc«fl 
prllvi weight is . 300 - . 340 grains. 

The composition of each primer mix is presented in Table I. 

TABLE I. 
Primer Composition 

Components 

Normal Lead Styphnate 
Barium Nitrate 
Aluminum 

Tetracene 
PETN 
Antimony Sulfide 

Mix (%) 
It ÜB B 

^^"" 

41 39 37 
45 38 32 
10 15 7 

4 4 4 
• 4 5 
- - 15 

The three conditioning temperatures for ammunition are +140" F, 
+ 70° F, and -40* F. 

For use in analysis,  the components are numerically coded as 
shown in Table II. 

Mixture 

s 1 

I 2 

II 3 

TABLE II. 
Factors Identification 

Pellet Weight 

Standard      1 

Light 2 

Temperature 

+140* F 1 

+ 70' F 2 

-40* F 3 

Experimental test samples are composed of all possible combinations 
of the three factors and are identified by an ordered triplet in which 
the first digit refers to mixture level, the second refers to pellet 
weight level, and the third refers to conditioning temperature level. 
Thus, we have the following test samples: 



1II 121 211 2'.l 3 1 1 V.I 

112 Hi 212 222 312 322 

113 123 213 223 313 323 

In particular,   sampl«  213 has a primer of mix "I,"    a  standard pellet 
weight,  and was conditioned at -40° F before firing. 

For tracer ammunition where the rifle is an added two level factor, 
the fourth digit of each ordered group of numbers designates the level 
of the gun.    Consequently,  the samples are identified as follows: 

1111 

1112 

1121 

1122 

1131 

1132 

1211 

1212 

1221 

1222 

1231 

1232 

2111 

2112 

2121 

2122 

2131 

2132 

2211 

2212 

2221 

2222 

2231 

2232 

3111 

3112 

3121 

3122 

3131 

3132 

3211 

3212 

3221 

3222 

3231 

3232 

Charge development to meet the ballistic  requirements of   Military 
Specifications^ assures practical application of results. 

DETAILS OF  TEST 

Charge Development 

The primers chosen for this interaction investigation an' membi rs 
of a large group of primers that were used in a primer and prop« llant 
interface study. 2     Table III shows average velocities and average 
maximum pressures of pressure-time curves obtained from the 

^W.H. Squire and M. P. Devine, "The Interface between Primer and 
Propellant, Parts I and II, " American Ordnance Association Paper, 
presented at Frankford Arsenal,  4-5 June 1969. 
3MIL-C-9963D; Military Specification,  Cartridge 5.56mm:    Ball, 
M193. 

MIL-C-601 lA; Military Specification,  Cartridge 5. 56mm:   Tracer, 
M196. 



interface study; Tabli- IV shows tho results of charge developnunt 
for M193 ball rounds and M196 traci r rounds. 

terface study,   rounds with HDD primers yielded much 
pressures but only slightly higher velocities than roundi 

In the int< 
higher peak prt. 
with IID primers when both groups of rounds were loaded with the 
same charge (28.0 grains of WC846 propellants).    This phenomenon 
was common for most ammunition having primers of type II mix or 
type S mix.    In charge development for this investigation,   ball rounds 
with type HDD primers required a lesser charge weight of WC846 
propellant than those with type IID primers to produce comparative 
pressures and velocities. 

Direct comparison of velocities and pressures in the two studies 
is not possible.    Velocities reported in charge development were 
taken in velocity test barrels and corrected to level of reference 
ammunition find at the same time.    Recorded pressures are copper 
pressure taken in pressure test barrels and corrected to level of 
reference rounds fired at the same time.    On the other hand,   in the 
interface study both velocities and maximum chamber pressures 
(from pressure-time curves) are recorded as obtained in a pressure 
test barrel. 

Note  that,  in general,   the ball rounds using primers with lower 
pellet weights requir»- a lesser charge weight than those with higher 
pellet weights, while tracer rounds with lower pellet weight  primers 
require a greater charge weight.    Tracer velocities are lower than 
ball velocities since military standards ' call for 3250 t 40 ft/sec for 
ball rounds and for 3200 * 40 ft/sec for tracers at 15 ft from the 
muzzle of the gun. 

TABLE HI. 
R» suits from Interface Study 

Primer 
Type 

Charge Weight 
WC846 
(grains) 

1C 28.0 

ICC 28.0 

IID 28.0 

HDD 28.0 

Average Veloc;ty* 
in Pressure 

Barrel (ft/sec) 

3255 

3283 

3164 

3193 

^Velocity at 15 feet from muzzle of gun. 

Average Maximum 
Chamber iPr. ssuri 

from P-T Curves (kpst) 

51.8 

52.4 

47.2 

57.0 

3M1L-C-9963D; MiliUry Specification,   Cartridge 5. 56mm: Ball,   M193. 
M1L-C-6011A; Military Specification,   Cartridge 5.56mm: Tracer, 
Ml 96. 
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Tfst Procidur«' 

The two M16 rifles selected to conduct the factorial t<8t yirlded 
approximately the same cyclic rate for 5. 56 mm ammunition,  lot 
LCSP462 (ball rounds with 1MR8Z08M propcllant). 

A high-speed chronograph recorded barrel action time and pro- 
jt-ctile time of flight over a premeasured base line for the individual 
rounds fired in 20 round bursts.    The chronograph count for action 
time was initiated by the contact of a hammer spring with a ball 
plunger and terminated by an ionization gage at the muz/.lo «'nd of the 
barrel.     This is not true action time since contact of hammer spring 
and ball plunger did not necessarily occur as the firing pin struck 
the primer.    Passage of the projectile through lumilim- screens at the 
beginning and the end of the base line respectively started and stopped 
the chronograph count for the time of flight.    A preset counter re- 
corded the time to fire 19 rounds of the 20 round burst.    The  contact 
of the hammer spring (the same one used to initiate action time) with 
the ball plunger started the preset counter and the twentieth contact 
stopped the preset counter. 

The ball factorial test included two replications,  one fired in each 
of the two rifles.    The firing order of all test lots was randomized 
in each replication.    All ammunition was conditioned at the designated 
temperatures for at least four hours before the start of firing.    The 
rifle was at room temperature and a fouling burst of three rounls 
(conditioned at +70° F) was fired immediately before firing each 
20 round burst for record.    Since the method of measuring rifle cycle 
time does not include the last round of the burst,  data for this round 
is not included in the analyses.    A substitute burst was fired for 
bursts missing any of the 39 data points (cycle time,   19 velocities, 
and 19 action times). 

Aluminum foil screens replaced lumiline screens for the tracer 
firing since light from the tracer bullet interferred with the functioning 
of the lumiline screens.    The close clustering of shots in a jingle 
burst necessitated moving the foil screens down the range to insur« 
obtaining all velocities.    The hammer spring setting used to initiate 
action time measurements for tracer ammunition was different from 
the setting for ball ammunition. 

Spasmodic non-functioning of the rifles during tracer test firing 
caused doubts concerning the validity of any interpretation of the 
results.     Two rifles,   selected because they yielded high and compar- 
able cyclic  rate when used with ball reference ammunition,   were 
used to obtain data to replace the questionable data.    Since previous 
tests,   both ball and tracer,   indicated that the rifle had a greater effett 
on cyclic time than any other factor under consideration,  the rifle was 
introduced as a two-level factor in the substitute firing. 

/ 



The order o/firings was not completely randomized for the rifles, 
since constant changing of the rifle in mount was more likely to 
introduce errors than lack of randomization. 

TEST  RESULTS AND  DISCUSSfON 

Computer Output and Observations 

In order to facilitate the multivariant analysis of cyclic time, 
action time,  and projectile flight time over 20 round bursts, a gen- 
eralized computer program4 was modified.    The input and output data 
of this program are listed in the Appendix. 

The input data for the tracer portion of the test are the accumulated 
times for the first 19 rounds of a 20 round burst of ammunition.     This 
data is recorded as- 

1' 2' 3' 
ijkm 

where Yj is the cyclic time of the rifle;    Y2 is the action time of th<4 

ammunition in the rifle;    ¥3 is the flight time of the projectile over a 
20 foot base line centered at 113 feet from the muzzle of the gun.     The 
ijkm identifies the ammunition used:   i is the level of mixture;   j is 
the level of pellet weight; k is the level of conditioning tempi-rature; 
and m is the level of gun. 

Printed in order are the input data along with mean and variance 
for each treatment combination,   the error matrix,  and the estimati.n 
of parameters.    Then printed for each factor and for each first-order 
interaction of the factors are the design contrast matrix,   the sum of 
products,  the univariate F values with degrees of freedom,   and the 
significance levels. 

The error matrix, common for all factors and interactions, along 
with the sum of products for each factor or each interaction is usrd to 
compute F values. •   In th<   estimate of parameters,   the mean for each 

-Fj = (SHii/s)/(SEij/e) where the SHü'S are diagonal elements of the 
sum of products matrix; BBtt'l are diagonal elements of the error 
matrix:  a is degrees of freedom for the factor or the interaction under 
consideration; and e is degreet of freedom for error term. 

4C.F. Starmer and J.E. Grizzle,     A Computer Program for Analysis 
of Data by General Linear Models,   '   Insti.ute of Statistics Mineo 
Series No.  560.  February 1968. 
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level of factors or interaction ia obtained by algebraically adding the 
printed values to the grand mean, MU. 

The design constrast matrix indicates which factor or which intc-r- 
action is being considered.    The significance levels are the probabilitieH 
of making a Type I error (rejection of hypothesis that is actually true) 
in assuming that there is no significant effect due to the factor tested. 

Since the rifle was not considered as a factor for the ball test,  our 
line of input data is: 

Yr Y2'       Y3' ijk 

The accumulated flight time of 19 rounds was taken over a 15 foot 
base line centered at 30. 5 feet from the muzzle of the gun. 

For easy reference,  a summary of F values and the significanc«- 
level of each such value is presented   in Table V.    For a more detailed 
breakdown of the analyses refer to the Appendix. 

At an .05 significance level (rejecting the null hypothesis^   if this 
level is equal to or less than .05),  the primer mixture  in the tracer 
ammunition does not have a statistically significant mixture effect on 
cycle time.    This time,   however,  is affected by the other three 
factors and also by an interaction between pellet weight and tempera- 
ture.    All four factors as well as mixture-temperature and pellet 
weight-temperature interactions affect action time.    The rifle or the 
interaction of the rifle with any other factors has no effect on flight 
time.    All other factors and all first-order interaction, except inter- 
action between mixture and pellet weight,   between these other factors 
io affect flight time. 

For ball ammunition, cycle time is not affected significamly by 
the three factors considered or by any interaction between pairs of 
them. (Most likely this statement would be reversed if the planned 
test had included the rifle as a factor). Pellet weight and tempera- 
ture has a significant effect on action time. All factors and all first- 
order interaction excepting mixture temperature interaction have an 
effect on flight time. 

'l^Iull hypothesis is the hype thesis that there ts no significant difference 
due to the factor being tested. 
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The ball data avrragrd according to the rifle used:   is: 

Cyclic Time Action Time Flight Time 

D .5148-01 .789-04 .1115-03 

D reduced .5148-01 .789-04 1115-03 

Tables of maximum differences between level effects of factors 
constructed from the above data and from the computer output art 
shown in Table VI.  In both tests,   the rifle had a decidedly greater 
effect on cyclic time and decidedly less effect on flight time« than any 
other factor considered.    With the exception of the rifle on cyclic 
time and the effect of pellet weight on action time,  amr.iunition con- 
ditioning temperature had the greatest effect of all factors on thc 
ballistic parameters.    Note that conditioning temperature applies to 
ammunition only and not to the rifle and/or environmtnt as would b»- 
experienced In practice. 

TABLE   VI. 
Maximum Difference in Level Effect of Factors 

Factor Cyclic T ime            I 

Tracer 

action Time Flight Time 

A (mixture) .0269 .000228 .000762 

B (pellet weight) .0523 .001180 .001061 

C (temperature) .0843 .001557 .009716 

D (rifle) .1753 .000324 .000061 

A (mixture) .0488 

B (pellet weight) .0134 

C (temperature) .0642 

D (rifle) . 1030 

Ball 

000175 

001496 

001290 

000158 

.000681 

.000855 

.001682 

.000233 

-The input data for thr two rifles is presented alternately in thf 
beginning of the ball portion of computer lifting in the Appendix. 
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Variations in Cyclf Timt- of Rifles 

Original plans called for using the same two rifles,  designated as 
#3 and #6,  for both the ball and the tracer ammunition.    Ball test 
firing proceeded smoothly,  but frequent stoppages interff-rred with 
tracer firing.    Complete data was obtained for rifle |6 after a ft-w 
replacement firings,  but not for rifle #3.    The "panama gun," a 
worn-out rifle with a short cyclic time was previously used to check 
out the functioning of the measuring equipment,   now it was used to 
check the ability of this tracer ammunition to function a rifle.     No 
problems were encountered in this check.    Two rifles,   #867083 and 
#848921 were selected,   then,  to replace #3 and #6 for the tracer 
test. 

No direct comparison of action time or flight time data between 
the two groups of rifles is possible.    The base line lor rifle #6 and 
the panama gun,  centered at 98 feet,   was 8. 958 feet long.    For the 
other two rifles,  the base line,   centered at 113 feet,  was 20 feet 
long.    For rifle #6 and the panama gun,  the initiating hammer spring 
for action time was set to strike the ball plunger at approximately the 
same time as the firing pin struck the primer and thus the recorded 
action time was close to true action time.    For the other two rifles, 
the earlier contact of the initiating spring with the ball plunger 
resulted in a recorded action time somewhat greater than the actual 
time. 

Keeping the above differences in mind,  a comparison of the 
results of firing in the four guns is presented in Table VII.     rimes 
averaged over all ammunition lots are the sum of times in seconds 
of the first 19 rounds of a 2.0 round burst.    Of particular interest   is 
that change in action time,  due to rifle,   seems to have considerable 
influence on cyclic rate but only slight,   if any,  influence on flieht 
time. 

TABLE   VII. 
Summary of Firing Results 

Cyclic Time 
(seconds) 

Action Time 
(seconds) 

Flight Time 
(seconds) 

I.MS2 .03872* . 12846 

1.6328 .03904^ . 12840 

1.8568 .02764 .05611 

1.4991 .03225 .056fM 

Rifle No. 

865083 

848921 

6 

Panama gun 

Sum of true action  time plus an unknown constant. 

1 I 



Table VIII shows cyclic times and flight times   of Table VII 
converted to the more familiarly recognized cyclic rates and 
velocities.    From this data, one can see the importance of consid- 
ering the rifle in determining cyclic rate differences due to ammu- 
nition variations. 

Rifle No. 

865083 

848921 

6 

Panama gun 

TABLE  VIII. 
Summary of Cyclic Rates and Velocities 

Cyclic Rate 
(rounds /minute) 

630 

698 

614 

760 

Velocity 
(feet/second) 

2958: 

2960: 

3033=: •■< 

2999*« 

-^ Velocity at 113 feet from muzzle of gun. 
^ Velocity at 98 feet from muzzle of gun. 

CONCLUSIONS 

Within the limits tested, external factors,  namely rifle and con- 
ditioning temperature of the ammunition,  have greater influence than 
the primer on ballistic parameters.    Cyclic time of the M16 rifle is a 
function mainly of the rifle itself,  but the flight time of the 5. 56 mm 
projectile depends mostly on conditioning temperature and then on 

the pellet weight of the primer.    Reduced primer pellet weight with 
IMR propellant decreases cyclic time (increases cyclic rate) with 
little or no effect on velocity. 

Increasing action time tends to increase flight time fur both ball 
and tracer ammunition.    In case of tracer ammunition,  incrcasinf; 
action time tends to decrease cyclic time.    Action time of ball ammu- 
nition has negligible effect on cyclic time. 
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RECOMMENDATIONS 

1. If modification of the 5. 56 mm primer is considered for any 
reason,   the effect of primer pellet weight on ballistic parameter» 
should be taken into account.    In particular,   reduced pellet weight 
should be considered for use with IMR propellant. 

2. Any future study of the effects of 5. 56 mm ammunition or its 
components on cyclic rate should take into consideration the effects 
of the rifle. 

i 

» 
I 

1 I 
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APPENDIX 
Multivariate Analysis 

M196,   5.56 mm,  TRACER 

Input 

NMf 

ANALYSIS   Of   MULTIVAR|*re   CCNCRAL   LINCAR  NQUELS 
LIST   Of   CONTROL   PARAHtTfH 

NUMBER   OF   MAIN  EFFECTS   • 4 
NUMBER  OF   OEHENDENT   VARIABLES   « ) 
NUMBER   OF   2-FACTOR    INTERACTIONS   ■ 6 

■ *     LEVEL   ■ ) 2 ) ? 
NIT   • INT 1 1 I 

MEANS   ANO   VARIANCES   ARE   CORRECT   ONLY   IF   THE   DATA   ARE   SORTED   BY   CELL 

1.«6)000 
I.n9h0oo 

.0)7786   .12*600    1    1    1    1 

.0)797<.   .1250))    till 

N ■     2 MEANS AND VARIANCES FOR CELL     1  1   1 1 

MFAN .IBTVSOOOE'OI       .)7«80000E-OI .12*816S0E»00 

VARIANCE .SttSOOOOE-O)       .176720001-07 .<»)7**500E-07 

1.67)000 
1.70S000 

.0)79S6   .1248S2 

.0)809?   .12S190 
1    1    1 
1    1    1 2 

• 

N .     2 MEANS AND VARIANCES FOR CELL    1 1  1 2 

Mf AN .16H90000E*0I .)802*OaOF-0l .I2S02IOOE<00 

VARIANCF .S12a000OE-0) .92480000E-08 .S7122000f-0/ 

I.818000 
1.894000 

N   • 2 

Mf AN 

VAWIANCF 

.0)7771 

.0)7614 
.126704 
.127J6) 

MEANS   ANO   VARIANCES   FOR   CELL I      I 

.18S60000E»01 .)769SOO0f-01 

.288'*OOOOt-02 .llSS2000f-0r 

I 

.i2ro))soi<oo 

.217140SOf-06 

14 

4 
> 
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p 

1.6?6000 
1.6?9000 

N • 2 

KE»N 

V*R1*NCF 

.01803S 

.038004 
.1^6618 
.U706<< 

I 

Mt»NS   »NO   V»«l»NCtS   FOB   CELL 112? 

.16<?7S0OOE»0l ,380??0OOE-01 .1268*IOOE »00 

.*SOOOOOOE-05 .33800000E-09 .9945BOOOE-07 

1.78*000 
1.906000 

.038379        .130*97            113          1 

.038373        .13080S           113          1 

N   .                t *E»NS   »NO   V*»I»NC£S   ECU   CELL            I      1 3 1 

MEAN .I8<IS000OE*01                   .383T6OOOE-01 .13065100E«00 

V»B1»NCE ./««^OOOOE-O?                   .17999990E-10 .«•/OPOOOE-O? 

1.78*000 
1.^04000 

.039013        .U9177           1           1            3 

.038730        .13163*            1           1            3 

N   i               ? ME»NS   »NO   VAHMNCES   EOH   CELL            1 1 3 ^ 

••E»S .I716SOOOE*OI                   .38871SOOE-0I .130<>0SS0E*0O 

V*»I«NCF .9ll?S00OE-02                    .*OOk*SOOf-07 .3018*?*%E-OS 

1.780000 
1.931000 

N   « I 

MEAN 

V»BI»NCf 

.038S61 

.038606 
.123073 
.12*28* 

1 1 
I 2 1 I 

«•E»NS   »NO   V»BI»NCES   FOB   CELL 12      11 

.18SSS0OOE*01 .38S83SOOE-0I . 123678S0E «00 

.ll*00S0OE-01 .1012SOOOE-0« .r33260SOE-06 

1.6*2000 
1.677000 

N   . 2 

«E»N 

V»«I»NCf 

.03905S 

.0 38661 
.123067 
.12**06 

MEANS   »NO   VABIANCES   'OB   CELL 12      12 

.I6S4S000E«0I .38859000E-ai . 12 3 736S0E • 00 

.612S0OOOC-03 .76832000f-07 .«96*60S0t-06 
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1.760000 
1.7«1000 

.03897«.         .127807 

.0391S1         .128136 
12          2            1 
12          2            1 

Na           2 MEANS   «NO   VAHUNCES ro«  CELL          1      2 2 1 

MC»N .17S05000E»01 .39062SOOC-OI .l27'i715OE«00 

V»B|»«<CE .ieOSOOOOE-03 .15664000E-07 .S*120SOO€-07 

1.171000 
1.190000 

.03932S         .127732 

.039283         .12819* 
12          2           2 
12         2          2 

N   .               ? MEANS   *NO   VAH1ANCES F0«   CELL          1      2     2 <» 

MEAN .15«0S000E»01 .393O*000E-OI .12796300E*00 

V»»I»NCE .ieasooooE-03 .B«200000E-09 .I0672200C-06 

1.703000 
1.782000 

.040098         .M-MO 

.0*0173         .13<i829 
12          3            1 
12          3            1 

N   «             f MEANS   AND   VARIANCES EOB  CELL          I      2     3 1 

MEAN .17<.2S0O0E>01 .«.0 1 JSSOOf -0 1 .J3**795O£«00 

VARIANCE .312CSO00E-02 .2B125000E-O8 .2*<i300%OE-06 

1.6S*000 
1.S68000 

.00070«>         .13187« 

.04.086«         .13S«.7? 
12         3          2 
12         3          2 

N   .               ? MEANS   AND   VAMIANCcS EOB   CELL           1      2     3 2 

MEAN .161IOOOOE*01 .*07e6000E-OI .»33677SOE«00 

VARIANCE .369800001-02 .134»e000E-O7 .6<>76<>0OSE-OS 

I.86S0OO 
1.8*3000 

-037977         .123895          2           111 
.03761%         .12*357          2           111 

N   •              2 MEAN*   AND   VASIAMCES  EO«   CELL           2       1      1 I 

MEAN .18S*0OO0E«0l                  .3T796000F-01 .I2*12600E*00 

>«-Ii-,   i .2*200000E-03                  .65522000E-07 .I067?;OOE-06 
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, 

1.679000 
1.68*000 

.037926       .12*388 

.037770        .12*793 
2          112 
2          112 

N   -              2 MEANS   AND   VARIANCES FOR  CELL          2     1      1 ^ 

NEAN .16815000e*01 .378*8000E-01 .12*S9050E»00 

VARIANCE .1250000OC-0* .12168000E-07 .82012500E-07 

1.769000 
1.76S000 

.038100       .12683* 

.03SIOS       .1277S3 

IM
IM

 

IM
 IM

 

N   •             2 MEANS   AND   VARIANCES FOR  CELL          2     1     2 1 

MEAN .17670000C*äl .38I02S0OE-01 .127293S0E«00 

VARIANCE .8OOO000OE-OS .12S0001SE-10 .*2228050E-06 

1.S96000 
1.683000 

.038067       .127*SS 

.038087       .127221 

IM
IM

 

IM
 IM

 2 

N   •             2 MEANS   AND   VANIANCES rOH  CELL          2 1 2 2 

MEAN .1639SOOOE*01 .38077000E-01 .12733800F*00 

VARIANCE .37S*S00Oe-O2 .20000002E-09 .27378000E-07 

t.79S000 
1.761000 

■019666        .13*896 
.0386S*       .132S60 

'          I            3 
2          1           3 

1 
1 

N   •             2 MEANS   AND  VARIANCES FOR  CELL           2 3 1 

MEAN .177ttOOOOE*01 .39160O0OC-0I .13372SOeC00 

VARIANCE .S7800000E-03 .SI2072OOE-06 .2728**80E-0S 

1.639000 
1.60*080 

.0398S9       .131*11 

.039290        .13387* 
2          1           3 
2          I           3 ? 

N  .            2 MEANS   ANO   VARIANCES FOR  CELL          2 3 2 

MEAN .1621S«00E*0I .39S7*S98E-0I .1326*2S0E*00 

VARIANCE .612SOOOOE-03 .l6l880SeE-06 .3033I8*SE-0S 

17 
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1.870000 
1.860000 

.0387|i.        .122462           2           2           11 

.038?<.|        .123839           2           2           11 

N   •             f Mf«NS   «NO   VAHUNCtS   FO«   CELL          2     2     1 1 

Mt*N .186SOOOOE*01                  .38<i77S00E-0l .misosbt.oo 

»BI4NCE .S0000000r-04                     . I I l«M.S0F-0ft .94i806*<S0E-06 

1.6<.8000 
1.66'iOeO 

.038888        .123063 

.039016        .I24S42 
2         2         12 
2         2         12 

N  ■             2 MEANS   *NO   VARIANCES FO-» CELL         2    2     1 ^ 

MEAN .16S60000E>01 .3e952000E-01 .123802SOE*00 

VARMNCE .12e00000E-03 .8l9?0000E-08 .1093720SE-0S 

1.786000 
1.786000 

.039020       .127523 

.039027        .12851.6 
2         2         2         1 
2         2         2         1 

N   •             2 MEANS   AND   VARIANCES FOR   CELL          2     I 2 1 

MEAN .17e60000E>01 .39023500E-01 .I2803*50E*00 

VARIANCE 0. .2*«99999E-tQ .52326650E-06 

1.S80000 
I.«199000 

.039410        .128725 

.039615        .i'8697 
2          2          2         2 
2          2          2         2 

N   •             2 MEANS   AND   VARIANCES FOR   CELL          2     2     2 2 

MEAN .I5I«95000E*01 .395I*500E-01 .1287||00E*00 

VARIANCE .I80SO00OE-03 .20200500E-07 .39199999E-09 

l.«>o7900 .000908        .1359^9 2          2          3          1 
l.T?1000 .0*0507         .136363 2          2          3          1 

N   ■               ? MEANS   AND   VAMUNCES FOR  CELL          2     2 1 1 

MEAN .168->OOOOE*0. .-0707500r-0l .I3617600E*00 

VARIANCE .288800001-02 .80o00S00f-07 .69<i3fl00OF-0 7 
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1.996000 
1.979000 

.0*1069        .139393 

.0*1121         .136295 
2         2          3         2 
2         2          3         2 

N   .            2 MEANS   AND   V»«I»N«S TOB  CELL          2     2     3 e 

MEAN .19679000E«01 .M093000E-01 .13982*00E*00 

V*R|«NCC .26*90000E-03 .19680000E-08 .371522001-06 

1.937000 
1.8*6000 

.037639        .123202 

.037173       .12*272 
3           111 
3          111 

N  .            2 MEANS   AND   VARIANCC9 FO»  CELL          3     1      1 1 

MEAN .189I9000E»01 .37*0*00OE-01 .12373700E»00 

ABIANCE .*l*09000£-02 .10672200E-06 .57269000E-06 

1.723000 
1.693000 

.037868        .12*315 

.037^06        .122859 
3         112 
3          112 

H  .           2 MEA'S   AND   VARIANCES EO«  CELL          3     1      1 .' 

MEAN .17080000E«01 .37727000E-01 .12398900E>00 

ARIANCC .*9oaooooe-o3 .39762000E-07 .106980001-09 

1.779000 
1.867000 

.037768        .126*99 

.037916        .127910 
3          12          1 
3          12          1 

N  .            2 MEANS   AND   VAH1ANJE9 FOR   CELL           3      1     2 1 

MEAN .I8230000E*01 .378*2000E-OI .I2718*90e«00 

VARIANCE .38720000E-02 .10o92000E-07 .I0927009E-09 

1.619000 
1.621000 

.038171         .12691* 

.03817*        .12762* 
3          12         2 
3          12         2 

N   ■            * MEANS   AND   VARIANCES FOR   CELL           3      1 2 2 

MEAN .I6180000E«01 .38I72900E-01 .I272«>900E*00 

VARMNCF .18000COOE-0* .**999976F-n .29209000t-06 

. 
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1.^09000 
i.Bisoou 

.039?36        .1J3«.()| 

.03«J<i2C        .J338%7 
3          1           3 
3          1          3 

1 
1 

Hm              ? MEANS   «NO   VARIANCES FOB   CELL           3 3 1 

Mt»N .I8^?0000E•01 .393?«O00E-01 .1336?900f00 

y«oi*NCE . n« looout-o i .l69?HOOOt-07 .I039IS800E-06 

1.#.39000 
I.IK0700Ü 

.0H38*         .131*HS 

.034261         .IJ3I99 
3           1           3 
3          1           3 

? 
? 

N   ■             i ••EANS   ANO   VAHIANCES EO«  CELL          3 3 ^ 

MEAN .162300001*01 .3932?500E-01 .13234200E.OO 

VAPIANCF .St2n0000t-03 .7S64SO0O£-0rt .1-.688980E-0S 

1.764000 .0 3828 7        .1229^8 3          2           11 
1.983000 .038279        .12*301 3          2           11 

N   .             ? MEANS   ANO   VAftlANCES EOfc   CCL».           3     2     1 1 

MEAN .ie7JS0O0E«0l .38283000E-01 .12361460E*00 

VARIANCE .239>»0500E-U1 .3200OOl*E-lO .94.256<.50E-06 

l.#.%8000 
1.718000 

.038269        .123131 

.018529         .1200 30 
3          2          12 
3          2          12 

N   ■                 ? MEANS   ANO   VAHIANCE> EC«  CELL          3     2     1 2 

MEAN .168«O0OOE«OI .38399000E-0I .123580SOt.OO 

VASIANCE .180000001-02 .338AO00OE-07 .<.0*100SOE-06 

1.7 38000 .0388*1         .1.  '-'. 3          2          2           1 
1.777000 .038766        .128607 3          2          2          1 

N   .               ( ■(MN  AND »MIMCfl EU«   TELL           3     2     2 1 

"E AN .l7b7SOOOfO| .3890 3SOOE-01 .12JO*OSO(«00 

.»..,'  »NO .76nS0000t-CJ .r8|2%OOOE-08 .6»l8i.»S0f-06 
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1.S34000 
I.S67000 

N   » ? 

HE*N 

VARIANCE 

.0 oso« 
.12S3?? 

MC»NS   »NO   V»HI»NCES   EOR   CELL 3     ?     2     ^ 

• ISSiOOOOf "ll .3<)616000(-01 .l2a<i?0S0E*00 

.34200000E-03 .?SO0HOOOE-O 7 .1 i'.O'.SOnf-o ? 

1.69?000 
1.734000 

N   « ? 

»EAN 

V»H|»NCF 

.034rt<>3 

.0*0*7« 
.IJ*>35 
.US8*2 

"FANS   *NO   V»Hl»NCFS   FOB   CELL 3     ?     3     I 

.171SSOOOE»01 .'•0160500F-01 . J 3'»988S0E »00 

.nCSOOOE-Oa .?01612SOF-06 .l*S6<»^<.SE-0% 

l.%S90riO 
t.S6*000 

N   • ^ 

•»E»N 

V*H|ANCE 

.0*091^ 

.0*0273 
.l3St;H 
. 1 1SH-3 

NE*NS   »NO   VArfUNCE1.   TO»   CELL 3     ?     3     ^ 

• ISMSUOOt »01 .*OS9ftO0OE-01 .13S*«5S0F »00 

.l?SO000OE-O* .;0B6S900E-06 .^S'6^S0t-06 

1\ 
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Output 

ERROR MATRIX 

• 96<»842t-0l           .599359E-04           .162949F -03 
• 599359E-Ü4          .273?49t-05           .155329t -05 
• 162949t-03          .155329E-05           .35072U -0<« 

ESTIMATES   OF PARAMETERS   =H 
HU .172050E*01 .388800E-01 .128<»32E*00 
A I .139167E-01 -.800556E-04 -.409542E-03 
A 2 -.129583E-01 .147194E-03 .352292E-03 
DEDUCED -.958333E-03 -.b7l389E-04 .572500E-04 
R 1 .261944E-01 -.589833E-03 -.530597E-03 
DEDUCED -.26194<»E-01 .589833E-03 .530597E-03 
C I .545Ö33E-01 -,693889E-ü3 -.<.<»7921E-02 
C 2 -.24833JE-01 -.268722E-03 -.757M7E-03 
PEOUCED -.297b00E-01 .962611E-03 .523663E-02 
f) 1 .876667E-01 -.162167E-03 .30'»861E-0<» 
HEOUCEO -.876667E-01 .162167E-03 -.304861E-04 
INTERACT 1 .830b56E-02 -.b53333E-0<» -.309028E-04 
INTERACT 2 -.101528E-01 -.UOOOOE-O'» .322639E-04 
INTERACT 1 -.181250E-01 .230597E-03 .769417E-03 
INTERACT ? -.5y5833E-02 -.103194E-0* .1H6750E-03 
INTERACT 3 .200000E-02 -.649028E-04 -.388167E-03 
INTERACT k .127^1/5-0i -.790694E-04 -.183083E-03 
INTERACT I -.58?333E-u3 -,l56667E-04 .516H0bE-0<» 
INTERACT 2 -.604.167E-02 .128333E-0'» -.63S194E-04 
INTERACT 1 -.173M1E-01 .183583E-03 .«90014E-03 
INTERACT 2 -.277778E-04 -.362500E-04 .15<.722E-0'. 
INTERACT 1 .750000fc-03 .479722E-0'» .897639E-Ü4 
INTERACT 1 ,7Ü8333E-02 .<»67500E-0<» -.129903E-03 
INTERACT 2 .6t666 7E-02 -.1091fe7E-0<» -.11252HE-0J 
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r 
OCSIGN   COMtBAST   «»ICH   •   C 

o.o    i.«    o.e    o.a    o.o    o.c    a.u   e.e    •.«   o.o   o.o    o.o    o.o    o.o    o.o    o.o   «.o    o.o    o.o    o.u 
CO    0.0     i.o    a.o    0.0    0.0    o.o    o.o    o.o    o.o    o.o    o.o    o.o    O.O    0.0    0.0    0.0    0.0    0.0    0.0 

,u-   or   PBOOUCIS  OUC   TO  HO   -SM 
.utoiiti-o?     -.'e«7ii)F-o*     -.;*r«*««f-o) 

-.ro«'li3(-o*        .THi9iis*t-o»       ,l«j«i*M-as 
-./»r6***(-0J .I434I**(-0S .lotft.l»-"', 

i sl»«u|«ii   F   v*LO(S  «IT" ■ S^     DiCMEIS  Of   FHCFDOM 

;.)*«« T.**OT S.?fOt 

SI'jMf U»Nr(    LtvrLS 

.001« .oo«s 

0.0     0.0     0.«      1.«      0.0     0.0     0.0     0.0     0.0     0.0 
ntsiON    iimo»,! «tmu • c 

0.0      0.0      0.0     0.0      0.0      0.0     0.0     0.0     0.0     0.0 

SIW   Of   ••«OOOCtS   OUC   TO   HO   «iH 
.*«*02r;r-oi      -.III?*;«(-O2     -.IOOOTOM-O? 

-.lll^•^6e-o^       .;so»40*c-o«      .??t3)*oc-o* 
-. inoo'o»»-o/       .<>?si uof-c       .;o;ro*ir-o* 

uhivtuitTf r »«toes «MM       i  ,       %/   oc&HCCs o» r»croo" 

^►.>," •ir«.6*«* 30.0**1 

si&NinctNcr icvCLS 

.0001       .0001 

0.0  0.0  0.0  0.0 
0.0  0.0  0.0  0.0 

DCSIGN COMTBtST MtTHII • C 
1.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
0.0  1.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

su« or »»ooo' TS nuc  TO HO .SM 
.ior«««3C>oo      -.i*3«i«oc-o;     -.«ISS/VM-O? 

-. I« )M.0> -(V .3<iS?r%3C-0« .?00*S*«f-<l3 
-.»iss?»3t-0i        .?oo*<>a*r-o3       .IIS3*/II-O/ 

U*>I»««I*T( r ««LUCS «ITH        >  .       s/    ocouccs or ruccooo 

M*MM        33«.o*«a        ass.oftsr 

SIOM|r|C«NCC   LC»CLS 

.0001 .0001 .0001 

23 



r 

0.8     0.0     0.0     0.0     0.0     0.0     l.O     o.n     CO     0.0 
OtSlu1»  CONIIUST   '•»T»!«   ■  C 

0.0     0.0     0.0     0.0     0.0     0.0     0.0 1.0      0.0     O.u 

su« or PMOoucis out  to «o «SM 
.•■■, HS,OI .n.i •.lOmiM-Oi .l«»?»M-03 

-.lo^JS'*»f-o?        .iii')i»s«r-os     -. I'.-,JSSHI - >. 
.Itl-ilit'Oi        -.JSS9SS»f-0« .6»i»|701>-0' 

uNlv*»l>Tr »  y«njts nlF"        i  •       s?   titGKfis of rmioo* 

.MH.  ■■-! .. . , I i .0VV/ 

siomnc^Ncf ums 

.oooi .oool >TW1 

0.0     0.0      0.0      0.0 
a.o   o.e    o.o    o.o 

Ot'ilON   COITRtST   MtTSII   •   c 
• .0     0.0    0.0     1.0    0.0     o.o     o.u     o.o     o.o     o.o     o.o    O.O    O.O    O.O     O.O     0.0 
0.0     0.0     0.0     0.0     1.0     U.O     0.0     0.0      0.0     0.0     0.0     0.0     0.0     0.0      0.0     0.0 

>>U-<   Of   PBOOUf»«.   OU€   ID   Mü   .SH 
.*?li)«l»-n?      '.6«s««Mr-os     -.i*oii|9j»-o* 

• .««SUkftTfOS ., •M»'< )i -   «. .]U**]]f-or 
-.i«oai9]c-o*       .ir^^.m   i'       .Httitioit -or 

uN|y>Ri«T( r ,«i..(. ■ifn       / ,       si    .t.,•.!(■ u« mrcoo" 

UIIM /.J3J0 ."iss 

SlONlrlCtNCf   l.f»tL<i 

.nil .in*? .91,%', 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 
0.0 0.0 t.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 «.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

'tCiIGN   CONTHUSI   -•IM« •   C 
0.0      0.0      0.0      0.0     0.0 0.0 0.0 0.0 0.0 0.0 
1.0     0.0     0.0     0.0     0.0 0.0 0.0 0.0 0.0 0.0 
0.0      1.0      0.0      0.0     0.0 0.0 0.0 0.0 0.0 0.0 
0.0      0.0      1.0      0.0      0.0 0.0 0.0 0.0 0.0 0.0 

SUM or PVOOIXTS CHA  IO MO »s« 
.IJ»«»»?»-01 -.1 ll»«»»f-01       -.*l<,»l%1f-ti 

•.I)]*«*»-01 . I I.M 10t-OS .««OIOOHF-OS 
•.*7*«?S'l-0I ..«   i .--■ -   • .!■./., l».'f - — 

si,«-1«!.   r  .«( ■»     ■ifn        *  ,        «/      ,,.-(.    OF  .-ti.   - 

I.OSTT *.*)?» ».440/ 

SI'-Mlir IC«NCI    LfVILS 

.Itlo .ooo» .ooo) 

24 



■   • 

I.' 
1.»      t.l      ».I      «..I      <..!      k.l      ».I      «..t      ».I      »^      ».9 
I.«       L.I      i_l      ».(      «..I      •..!      Ik.l      ».I      «.,«       ►.«      ».< 

• .•4M«-»* .   I>< V.-*! IWMftV^t' 

k> .It.' 

i.t    t.t     t.l     l.l     (.1    t.t    (.1    I.I     I.I     I.I     I.I     I.«     I.I     I.I     I.I     .1     l.i    ».I     i.i     i.i 
i.t     l.l     ».I     l.l     «.(     ».I     ».«    t.l     l.l     1,1     l.l     1.1     l.l     l.l     l.l     1.1     I.«    i  I     l.l     i.i 

•.!»*•*►•«-I» .i«».«-«-!« .•if«"««l    A« 
».Ha'MM*«!       .•,«•*•».i«      .«•>*•• M f« 

.»/*♦ .I#II .mi 

■M»!.*  »<<*'«l»l   ••»•!«   •  < 

.*I«**«*I-*•        .^***«rii-*<       .>*>■-««•  •• 

.••*'.*««•-*> .IIM*«M-I* .«•*l««*i   ** 

MIMtMN »  »»in«* »i«"        i   .        %/    HIIUKI» .»  »»»KS»» 

.»/I* l.l«).' •MM 

HMI^ICMH   HMk« 

.«IT* .«IM ,»««« 
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I..SI .».  rONTRtSI   MtTHII   • C 
e.s    o.o   o.o   o.o    e.o   o.o   o.o   o.e   o.o   o.o   o.o   o.o    o.o    o.o    o.o   o.o 
0.0     0.0     0.0     0.0      0.0     0.0      0.0     0.0     0.0     0.0     0.0     0.0     0.0      0.0     0.0     0.0 

0.0     0.0      1.0     0.0 
0.0     0.0     0.0      1.0 

SUM  Of   MOOUCTS  tHJt   10 MO   «SM 
.»no« 111--o/        . i(io/".« it-o-      -.I;OO«OOI-OJ 
.i«o?so)c-o*       .a6i)oiif-or     -. v-'s^i-c 

-.l?00«00(-01        -. J**TS(»»f-0* .?ll»«JSC-0* 

UMlVtdtTC  f   v«i i/t     MM t t if    OCGMCS Of   mifuo" 

i.i)«r .fi«^ utria 

4IW.|rtC«NCt   LI»ILS 

.IMO .S'IO,' ./Ifin 

26 



I 

M193,  5.56 mm BALL 

Input 

»NitrSIS   OF   MuLMv»»I»tf   GENERAL   LINEAR  MQUELS 
LIST  Of   CONTROL   PABANETE« 

NUNflFR  Of   NAIN EFFECTS • 3 
NUNSER   OF   OERENOENT   VARIABLES   « 3 
NUMBCR  OF   ?-FACTOR   INTERACTIONS   > 3 

NNF   » 3     LEVEL   • 3 ? 3 
NIT   • 3      INT   « I ? 1 3 ^ 3 

MEANS   AND   VARIANCES   ARE  CORRECT   ONLY   IF   THE   DATA   ARE   SORTED  BT  CELL 

l.«??000 
1.3*0000 

.031S73        .09094f6 

.031889        .090878 
111-0 
1           1           I        -0 

N   •              ? MFANS   ANO   VARIANCES FOR  CELL           1      1      1 

MEAN . MMlOOOOt'01 .3I73I00OE-0I .V090?000t-0l 

VARIANCE .336?OOOOE-0? .*99?8000E-07 .Jl'>?000?E-0fl 

l.*3*000 
1.368000 

.Oilltil         .09161? 

.03171*         .091190 
112-0 
1           1           ?        -0 

N   ■             | MEANS   ANO   VAf:»NCES FOR   CELL           1      1      2 

MEAN .i*oioooa*oi .31*e7SOOE-0l .91*0I000E-O| 

VARIANCE .2179000 lE-0? .I0260*S0E-06 .B90*2000E-07 

I.SISOOO 
I.*I7000 

N   ■ ,» 

MEAN 

VARIANCE 

.03*0    7 

.0)1762 
.090 78S 
.090*78 

MEANS   ANO   VARIANCES   FOR   CELL 1       1 

.1*660000E«01 .329I*S00E-01 

.*80?0OO0E-}2 .26S6SI2SE-0S 

.Si06)|S00E-0I 

.*712*S00l-07 

27 
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1.«91000 
1.389000 

.03266S        .09076« 

.03315H        .090263 
12           1-0 
12           1-0 

N  *             2 MFANS   *HO   VAMIANCCS ro» CCLL         1     2     1 

MEAN .i««oooooe<oi .3291l500t-0l .^oinsoof-oi 

VARMNCE .52020000t-02 .12152«50r-06 .12!>50050E-06 

1.«36000 
1.3S7000 

.032/73       .091118          12          2-0 

.0333S3        .091182           12          2-0 

N  ■             2 MEANS   «NO   V«M1«NCES   EOH   CELL            1      2      2 

MEAN .139».'=-;:r.01                  .33063000f-01 .91150000F-OI 

V*«M«NCE .3I20S000E-02                  .16A20000E-06 .20«80000E-08 

l.SOROOO 
1.«11000 

.035907        .093715           12          3-0 

.03«02l        .092H5«          12          3-0 

N   ■             2 NE»NS   «NP   V«i»l«NCEi  FOB   CELL           I      2      3 

MEAN .1«595000E*01                   .3«96«00OE-01 .9j2'»«500r-01 

V*n|«NCE .*70«SOOOE-02                  .177B«980E-05 .37066050C-06 

l.SOOOOO 
1.380000 

.031760         .091191 

.03233«        .091221 
2           11-0 
2           11-0 

N   .             2 »EANS   AND  VAHIANCES EOO   CELL           2      1      I 

MEAN .I«*00000£»0l .320«7000E-OI .vUOftOfiOf-01 

VARIANCE .720000006-0^ .I6«73800F-06 .•5U0001Sf-09 

l.«5«000 
1.382300 

N   . 2 

"fAN 

VARIANCE 

.03206S 

.032368 
.092105 
.091832 -n 

NEANS   AND   VARIANCES   EOR   CEIL 2      1      2 

.l«MOOO0E«01 .3220<>500E-0I .91 9«8S00f-0 1 

.25920000E-02 .«00««S00r-07 .3726*5001-0 7 

28 



1.S37000 
l.««i9noo 

.033172        .092357 

.03256?        .091661 
2           13-0 
2           13-0 

N   .             2 HE*NS   «NO   VAMMNCES fOB   CELL           2      1      3 

Mt AN .1*910000E»01 .32867000C-01 .92009000E-01 

V»W1»NCF .38720000E-02 .18605000E-06 .2<.220«00E-06 

1.'•87000 
l.«04>000 

.032*53        .091266 

.03297«        .090973 
2          2           1-0 
2          2           1-0 

Ma            2 MEANS   ANO   VARIANCES FO»   CELL           2     2      1 

MEAN .14I4>55000E«01 .32713500E-01 .91119500E-01 

VARIANCE .3«.fc<.5000t-02 .I3572050E-06 .*2924500E-07 

1.44*1000 
1.36500C 

.033303        .091719 

.033870        .091808 
2          2          2-0 
2          2          2-0 

N   .             2 MEANS   ANO   VARIANCES FOR   CELL           2     2     2 

»FAN .l<i030000E*01 . HSP<    OOf -01 .91763500E-01 

VARIANCE .288HOO0OE-02 .16074450E-06 .3960*999E-08 

1.076000 
1.375000 

N   . ? 

MEAN 

VARIANCE 

.03*780 

.03<>6?6 
.093807 
.093999 

MEANS   AND   VARIANCES   FOR   CELL 2     2     3 

.l'>2S5000E«01 .3A703000F-01 .93903000E-ai 

.S1005000E-02 .1lA58000t-07 .18*320001-0 7 

1.^25000 
I,380000 

N   . ? 

MEAN 

V«R|ANCF 

.031892 

.031690 
,090528 
.090 360 

MEAN«    ANO   VARIANCES   FOR   CELL 3      1       1 

.:*'>25000C,01 .31791000E-01 .90»**000t-01 

.10S12500E-OI .20402000E-07 . Ul12000t-07 

1% 



1.S19000 
1.«01000 

.0314.61         .0•ill<.^ 

.03?016         .09113S 
3           1           ?         -0 
3          1           ?        -0 

N   «              ? MEANS   »NO   V»Hl»«(CtS FO»  CELL           3      1 / 

»E»N . l-h lOOO'X .01 .3173«S00f-01 .vl i iHsnof - ,1 

v»pi»Nce .fc<)6?0000t-0^ .IS^O^SOE-OiS .^*b0006<»E-10 

l.63<.000 
1.«69000 

Ma    ^ 

MEAN 

V»PI«NCt 

.033STO 

.03?l?S 
.0411'.? 
.090 755 

MEANS   AND   VAHlANCCS   FO»   CELL 3      1      3 

.l$SIS000e*01 .3?8*T500f-Ol .VO'J'.I'SOOE-OI 

.1361?'300e-01 . in^-.ni^'.f-Ob .7*884.S0OE-07 

l.<.8<>000 .033?60        .090086 3          ?           1         -0 
1.«00000 .033060         .0906?« 3          ?           1        -0 

N   •              ? MEANS   ANO   I/AM1ANCES f)«  CELL          3     Z     1 

MEAN . I'.fc.'OOOOr -oi .33360000E-01 .90S55000E-0I 

VABIANCE .352HOOOOE-02 .?0O0000OE-Or .9S??OOr>IE-08 

1.«90000 .033883         .09207«            3           ?           ?        -0 
1. I7?000 .03370?        .0919?»           3          ?          ?        -0 

N   .              ? MEANS   ANO   VARIANCES  FO»  CELL           3     ?     ? 

«EAN .I«3l0000t«0l                   .3379?%00f-0l .9|997S00f-01 

VARIANCE .696?')000E-0?                   ,16380SOOf-07 .11»0«S00E-C7 

. .S79000 
l.«?0000 

N   . ? 

MEAN 

VABIANCE 

.03«?9/ 

.0 13698 
.09«?6« 
.093HS8 

MEANS   AND   VARIANCES   FOB   CELL 3      ? 

.I«99%OOOE*01 .33997S00f-01 

.1?6«0S00E-01 .179i0050f-06 

.9OU6I000E-0I 

.8?«18000E-07 

^0 



• 

I 
Output 

,103724E»00 
.217826E-03 
.226395E-Ü3 

ERROR MATRIX 

.217826E-03 

.791987E-05 

.136090E-05 

.226395F-03 

.136090E-05 

.166831t-05 

A 
A 
REDUCED 
H 
REDUCED 
C 
c 
REDUCED 
INTERACT 
INTERACT 
INTEWACT 
INTERACT 
INTERACT 
INTERACT 
INTERACT 
INTERACT 

1 
2 

1 
2 

1 
2 
I 
2 
3 
t* 

1 
2 

ESTIMATES OF 
.1<»<»<»75E*01 
•.207b00E-0I 
•.725000E-02 
.280000E-01 
.669<»4<»E-02 

•.669444E-02 
•.U2500E-0I 
•.265000E-01 
.377500E-01 

•.1<»69<I4E-01 
.613889E-02 

•.225000E-02 
.12500ÜE-02 
.165000E-01 

•.500000E-03 
.156944E-01 
.138889E-02 

PARAMETERS   »B 
.329290E-01 

-.837500E-04 
.915833E-04 

-.783333E-05 
-.747833E-03 

.747833E-03 
-.503333E-03 
-.283250E-03 

.786583E-03 
-.530833E-04 

,100750E-03 
-.206667E-04 
-.286750E-03 
-.137000E-03 
.159I67E-03 
.178500E-0J 

-.870833E-04 

.91bl09E-01 
-.297167E-03 

.384000E-03 
-.868333E-04 
-.427694E-03 

.427694E-03 
-.e209l7E-OJ 
-.410833E-04 

.862000E-03 

.1606nE-03 

.214917E-0J 

.283333E-0S 
-.ll2500E-0<» 
-.«78333E-04 

.48ä36IE-0J 

.360528E-0J 

>| 

i 

* 

i 



*.•    i.«    O.P    o.o    «.•    o.«    o.o 
l.«    •.«    i.i   i.e    o.o   o.o    o.o 

Ol*IGN  CONTRAST   »»   " 1 i   •   C 
•.9     0.0     0.0      0.0      0.0     0.0      0.0 
0.0     0.0     0.0     0.0     0.0     0.0      0.0 

SU«   Of   PRODUCTS  0U€    TO   HO   «SH 
.is>ossot-oi       .io;s«oof-o*       .II*IOSOT-O<> 
.IO?S«OOt-0* . l^S'.SS^I -o», .>?aK]0«T-0« 
.ll*IOSOE-0* .??««]0tF-O6 .2<<l«**9f •OS 

o»iv<»iii( f v«Luts «ITM       i  ,       n    :..,,UK.. or FurrnoM 

l.tl^h .?SJT 1».?S0» 

sl<MIIIC«NCf   kIMkt 

.tit* .?roo .oooi 

«.n 
DtSION   CONTEST   »TRI»   •   C 

0.0     0.0     0.0      0.0 

.■]-   of   PRODUCTS   00»    To   »O   »SH 
.i6iJ)«i(-o?     -.ito»m-oj     -.ioior**i-o) 

-.ito«2rRt-o)       .?oiiiife-o*       .usi«i«f-o* 
-. IOIU'K.!-o i        .IISI»3«(-O*        .«sas^iif-cs 

UMIVORItTf   f    «iiuls   «ITM | 

.»**? SS.<)?»» 

a   nco«iis of >»MIII« 

siüNif icftNcr irvcis 

.0001 .0001 

OfSIC.»   CO«TR«ST   «ItHII   •   C 
0.0      0.0     0.0     0.0      1.0     0.0     0.0      0.0     0.0     0.0      0.0     0.0     0.0      0.0 
0.0      0.0     0.0     0.0     0.0      1.0      0.0      0.0      0.0     0.0      0.0     0.0     0.0      '.0 

SO"   0»   PRnnurls   Oof    TO   HO ■SH 
,(f0M                              M.I.SUl-,   I .S|*ir*M-0l 
.SI*J*»*t-0J           . i l«/"»»"» -'- . i l/l».ll -o« 
.si. ir. ), -,-i          .|)?l»»0>-0* .IM/lkM-o* 

UM|«*R|«Tr   f   «••   its  RITn ?   . V       (    -( I ■    Of   »RffOO« 

I.ORO) IS.OTI? ••••WM 

I .".li I   «s   i    L(«ILS 

. - ■• ■ .0001 .0001 
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OISION   CONIK«',!    -»TKI/I 
i.r      Ott      n.O      0*0     0*0     0*0      1.0      0*0      0*0      0*0     0*0      0.0     0*0     0.0 
O.fl     9.0     0.0      0.0     0.0     0.0     0.0      1.0     0.0      0.0     0.0      0.0     0.0      U.O 

SU«  ■>»   MffOOuCIS  out   to HO   .SM 
.)'<?W<f/f-0? . I IHBHSOI -0. - .   lii ISftVt -.■« 
.1 maasot-o*        .la/aaa/i-o«        ./«aoti^f-o« 

■ . i   i-.r.;, .-(,.        ./rtinM.'i-  • .iir"«Tf-ot 

uMvtxutt ' »«HJ«S nil"       ^ .        ?^   ntomis of  mitoo» 

.-r,' >MM 7.r»sr 

MUhlfiCMCI  LKWkl 

.».*<»» .»«n7 .0031 

0.1 0 0 o.o o.o 0.0 I' >« n.O 0 0 1 .0 0.« 
0." 0 t 0.0 0.0 0.0 0 0 0.0 0 0 0.0 1 .0 
1.1 0 0 0.0 0.0 0.0 0 0 o.O 0 0 o.n t.t 
0.0 0 • o.c 0.0 0.0 1 0 0.0 0 0 0.0 1.0 

nCSIGN   (ONtK*<,l   "111.11   •   c 
0.0     0.0     0.0     0.0 
0.0      0.0     0.0     0.0 
1.0      0.0     0.0     0.0 
o.o    i.o    o.o    o.a 

SUM   Of   »MOOlKTS   OU»    10   HO   mSH 
.i«s«ooo*-o>     -.H«t«sor-04       .»M»fsoi-is 

-. )««««-.ot-o»       .imoihi-os     •.%6rrai?(-ot 
.(I7;«7^0(-OS -.•)»T7«J?f.06 .««fc? 11 7f-0* 

r'.l ««-[»"    f    VtL'llS   «IfH a.   , ?/      OIGMKS   Of    (-,.i« 

.?0»(> .OSOI /.ftii 

siuMifictMcr Ltvfis 

»Mia .s*77 .o»o« 

DCSIOX cONinast  -•■.!.  . c 
o.o   o.o   a.a    o.o   o.a   o.o   o.o   t.o    j.o    o.o   o.o    o.o    i.o   o.o 
0.0     0.0     0.0      0.0     0.0     0.0     0.0      0.0      0.0      0.0     0.0      0.0     0.0      1.0 

•turn   Of   PBOOUfIS   Oil»    70  HO   »SH 
.s»j»7^t-o?     -.  o/k?oaf'0*     -.?M»fiaf-oj 

-./Slftfiat-O) . inoosi.vi-U'I .il06«G7t-a* 

■ i.«.i«i(  f  »«im«, «17"       ^ .       r?   OIOKH«. of furfoo» 

sIuMf IClNCf   ii*rn 

.Sfs» .M^» .oooi 
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